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Higgs Boson

• In the Standard Model 
(SM), elementary particles 
get a mass by interacting 
with the Higgs field 

• The SM matter particles are 
chiral so an explicit mass 
term is forbidden by the SM 
gauge symmetry 

• Are there other forms of 
matter?
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Heavier Generations?

• Why 3 generations?  

• Mass hierarchy is 
accommodated by the 
SM but not predicted 
(Higgs Yukawa 
couplings) 

• Are there more?
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What do we know already?
• Higgs boson measurements 

from the LHC strongly disfavor 
another chiral generation of 
quarks 

• A new heavy chiral quark would 
influence Higgs production and 
naively increase the cross-
section by ~10 

• A new heavy chiral quark would 
influence the decay and 
suppress the diphoton decay 
by a factor of ~100
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What is a Vector Like Quark
• Unlike SM (chiral) quarks the left and 

right handed fields transform the 
same way under SU(2) 

• They have a Dirac mass without the 
Higgs 

• They couple to SM quarks via 
Yukawa-Like interactions 

• The couplings depend upon the 
representation of SU(2) 

• singlet, doublet, triplet
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VLQ Motivation

Arise in many BSM models 
- composite Higgs 
- some models SUSY 
- Extra dimensions

7



8



9



10



11



12



13



14



VLQ Analysis
• There are many searches that cover different 

hypothesis and final states: 

• https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
ExoticsPublicResults 

• I will mostly cover one of these in detail (that my 
student and I worked on) and then briefly discuss a 
couple of the other channels and the combination
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Z-tag Analysis

• Divide Analysis into Dilepton 
and Trilepton (or more) 
Channels 

• Start by reconstructing a Z 
boson in the opposite sign 
same flavor channel 

• Examine variables that are ~ 
model independent and give 
good separation between 
signal and background 

• Some model dependence in 
the single production mode 16



Kinematic Variables

• Main background 
at preselection 
stage is Z+jets 
(low b-jet 
multiplicity and 
relatively low pt 
of Z boson) 

• Signal has high 
Pt Z boson and 
multiple b-jets
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Kinematic Variables

• For heavy quark 
production expect in 
general high pt objects 
(as seen in the sum of 
all reconstructed jets 
and leptons) 

• Invariant masses to 
recapture full or partial 
exotic quark invariant 
mass
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Data/MC agreement
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Z PT Reweighting
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Trilepton Data/MC 
Agreement
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Final Variables in Pair
Production Hypothesis
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Single Production Results
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Limits,Limits, Limits
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For any branching ratio
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Single Production
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W corner of the T Plane

arXiv:1505.04306
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W corner of T plane

• Hadronically boosted W 

• Type 1 - single jet with PT> 400 GeV 

• Type 2 - two jets with invariant 
mass 60-120 GeV, PT> 250  GeV of 
dijet system
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W corner of T Plane

• Main backgrounds tt+jets, 
W/Z+jets 

• Taken from simulation but 
reweighted based on top 
and V+jet differential 
cross-section 
measurements 

• Smaller backgrounds 
(multijet events with 
misidentified lepton,diboson
+jets, and tt+V)
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W corner of the T Plane

 arXiv:1505.04306
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H corner of the T plane

 arXiv:1505.04306
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H corner of T Plane
 arXiv:1505.04306
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Combined Limits

• Each analysis designed 
for somewhat different 
corner of phase space 

• Combine limits across 
the branching ratio plane 
in both T and B decay 
hypothesis 

• Observation slightly 
better than expected 
limits 
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Conclusions 
• Large program to search for vector like quark in different 

final states under different production and decay 
hypothesis 

• No Evidence for VLQ production at ATLAS  

• Early Search Topic as increase in energy should quickly 
surpass run I sensitivity 

• Check Run I excesses - try to remain as broad as possible  

• Ultimate Run II sensitivity ~ 2 TeV
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H corner of B plane
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H corner of B Plane
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Same Sign Signature

arxiv:1504.04605
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arxiv:1504.04605
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W corner of B plane
• Examine also higher 

background channels 

• Also check the one 
lepton channel in the 
VLQ interpretation of 
the 2.5 sigma excess 

• 12 variable BDT 
trained to maximize 
sensitivity 

 arXiv:1505.04306
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BDT performance
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Limits from B->TW Search 
single lepton

 arXiv:1505.04306
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Coupling to Light Quarks?
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